University of South Florida

Digital Commons @ University of South Florida
Tropical Ecology Collection (Monteverde
Institute)

Monteverde Institute

November 2010

Differences in Atta cephalotes foraging rate and amount of
substrate harvested following the introduction of an antifungal
agent
Benjamin Hedin

Follow this and additional works at: https://digitalcommons.usf.edu/tropical_ecology

Recommended Citation
Hedin, Benjamin, "Differences in Atta cephalotes foraging rate and amount of substrate harvested
following the introduction of an antifungal agent" (2010). Tropical Ecology Collection (Monteverde
Institute). 92.
https://digitalcommons.usf.edu/tropical_ecology/92

This Text is brought to you for free and open access by the Monteverde Institute at Digital Commons @ University
of South Florida. It has been accepted for inclusion in Tropical Ecology Collection (Monteverde Institute) by an
authorized administrator of Digital Commons @ University of South Florida. For more information, please contact
scholarcommons@usf.edu.

Differences in Atta cephalotes Foraging Rate and Amount
of Substrate Harvested Following the Introduction of an
Antifungal Agent
Benjamin Hedin
Department of Environmental Science, Allegheny College

ABSTRACT
Optimal foraging theory dictates animals will behave in the most energetic favorable fashion, maximizing energy
gained while minimizing energy lost. However, exceptions do exist, such as mating behaviors and predator
avoidance. I show that oat flakes contaminated with antifungal powder, simulating secondary compounds, are
selected less and at a lower rate by a colony of Atta cephalotes. This demonstrates the ability of the colony to
recognize and discriminate against the contaminant to protect their symbiotic fungus. It also suggests that leafcutters, to an extent, can detect the amount or toxicity of the secondary compound. The willingness of the ants to
take the antifungal flakes suggests cleaning is involved, possibly with minims, providing support for the hitchhiking
cleaning process. Finally, the harvesting of sub-optimal resources might represent an attempt to sustain yields over
an extended period of time. These conclusions suggest that we need to reconsider our current models of Atta
cephaloies foraging behaviors for they might be more complex than we currently assume.

RESUMEN
La teoría de forrajeo óptimo dice que los animales deben tener un comportamiento energético de la manera más
favorable, maximizando la energía ganada y minimizando la energía perdida. Sin embargo, excepciones existen,
como el comportamiento reproductivo y evitar a los depredadores. Muestro que hojuelas de avena contaminadas
con un talco antifúngico, simulando compuestos secundarios, son seleccionados en menor cantidad y en una menor
taza por una colonia de Atta cephalotes. Esto demuestra la habilidad de la colonia para reconocer y discriminar en
contra de contaminantes para proteger a su hongo simbiótico. También sugiere que las zompopas, pueden detectar
la cantidad o toxicidad de compuestos secundarios. La disposición de las hormigas para tomar las hojuelas con la
sustancia anti-hongos sugiere una limpieza, posiblemente por las mínimas, apoyando la teoría que dice esto.
Finalmente, la colecta de recursos por debajo del óptimo puede representar un intento para aumentar el rendimiento
sobre períodos de tiempo extensos. Estas conclusiones sugieren que tenemos que reconsiderar los modelos actuales
de forrajeo de Atta cephalotes, y que estos pueden ser más complejos de lo que pensamos.

INTRODUCTION
Every organism strives to maximize its energy gain to energy loss ratio while foraging or hunting
(MacArthur & Pianka 1966). Optimal Foraging Theory suggests that a behavior will continue as
long as the energy gained is greater than the energy spent (MacArthur & Pianka 1966). The
activities that maximize energy gain will be then be allocated more time. In theory, natural
selection will favor those organisms that participate in more energetically favorable activities,
maximizing gains while minimizing losses, and ultimately realizing increased reproductive
success. Mechanisms to increase this energy ratio are therefore modified and refined from
generation to generation (MacArthur & Pianka 1966).

Optimal Foraging Theory can be applied to many aspects of behavior. Situations
suggested to be governed by Optimal Foraging Theory fall into four broad categories; (1) diet;
(2) optimal feeding location; (3) time allocation in different feeding locations; and (4) patterns
and speed of movements (Pyke et al. 1977). This theory can be observed in tropical ecosystems
while looking at leaf-cutting ants. These ants often travel long distances to harvest leaf
fragments for their subterranean fungus gardens and will forage more selectively when further
from the nest (Hölldobler & Wilson 1990). Food with higher nutritional and caloric value is
necessary to offset the energy used in the increased foraging time. However, if we remove
ourselves from a solely energy based thought process, we observe that these ants are incredibly
selective in their foraging habits for other possible reasons.
Although leaf-cutting ants are the dominant herbivores in tropical forests (Hölldobler &
Wilson 1990), a colony of Atta cephalotes ants have been observed to take just 17 of 332 plant
species in a given patch of forest (Hölldobler & Wilson 1990). It has been observed that leaf
cutter ants choose plants selectively while foraging. Some qualities of a plant that may influence
whether the colony forages on a particular plants are: secondary compounds in the leaves, or
physical characteristics such as toughness, water content and abundance of sap (Rockwood and
Hubbell 1987). Although all of these factors play a role in selection, this process is thought to be
most influenced by secondary compounds (Rockwood & Hubbell 1987, Howard 1987,
Hölldobler & Wilson 1990). Secondary compounds consist of chemicals produced by plants to
deter herbivory (Hölldobler & Wilson 1990). Most of these detrimental secondary compounds
are terpenoids and are detrimental to either for forager or fungus (Hölldobler & Wilson 1990).
While secondary compounds can be specific, such as antifungal agents (Rockwood & Hubbell
1987), leaves can also carry microbial contaminants that deter foraging (Griffiths & Hughes
2010).
The leaves leaf-cutter ants harvest are used to promote the growth of a symbiotic fungus
(Basidiomycota) that is fed to the growing ant larvae. An antifungal secondary compound
introduced into these fungus gardens would kill the fungus and eventually destroy the colony. It
seems as if foragers select substrates that are conducive for fungus survival and discriminate
against those which do not (Hölldobler & Wilson 1990, Ridley, et al. 1996). Foragers, though,
are not the only sub-caste involved with the plant material outside the nest. A caste of smaller
ants, minims, can be observed inside and outside the nest. A frequent behavior outside the nests
involves these small ants hitchhiking on leaf fragments carried by foragers. This behavior occurs
for a number of proposed reasons, one of them being sanitation, reducing the contaminant load
of leaf fragments (Griffiths & Hughes2010).
In this study, A. cephalotes ants were tested for their response to a collectable, but
contaminated food source. A question still remains as to how A. cephalotes foraging columns
respond to and deal with contaminants. The rejection of food sources is not as complete as might
be suggested, with A. cephalotes initially accepting food sources with secondary compounds or
contaminants and then rejecting them after feedback loops have time to operate. Howard et al.
1988, Howse & Jackson 1996). In this experiment I observed the response of an A. cephalotes
colony when presented with a food source contaminated with a small amount of antifungal talc
powder to act as a secondary compound. The response will give us clues on how secondary
compounds are detected, the degree to which they are discriminated against, and if cleaning is a
possible coping strategy.

METHODS
Study Site
A colony of A. cephalotes in San Luis, Monteverde, Costa Rica was used in this experiment
during the end of the wet season. Data was collected from November __ to November __ 2010.
The study area was located in the premontane wet Holridge life zone at 1100 meters above sea
level. The colony had multiple active foraging trails and the visible nest was about four meters
in diameter. The trail used was through a section of secondary growth forest in a cow pasture
with a low and relatively open canopy consisting of mostly guava (Myrtaceae: Psidium guajava)
and lemon trees (Rutaceae: Citrus limon). The ant column remained un-obscured for 15 meters
through the patch of forest with no major blockages to change trail dynamics for the three weeks
of data collection.
Introduction of an Antifungal Agent
To test my question, I used oat flakes to simulate leaves because ants will readily accept them as
a food source (Hoelldohler and Wilson 1990). I used BioLand Bran Rich Whole Oatmeal in this
study. A control (oat flakes soaked in water) and two treatments, talc powder (Johnson and
Johnson baby powder) and antifungal powder (Neutrodor powder with an antifungal agent) were
used. One tablespoon of each powder type was mixed with half a cup of water and an equal
amount of either green or blue food dye was added for identification purposes. Talc treatments
were typically green, antifungal blue, and half of the control sample size was dyed green and the
other half blue. The dye was the easiest way to identify the different treatments in the field. Oat
flakes were then dipped in these solutions and dried either overnight or in the sun on the day of
the trials.
After the flakes were completely dry, trials were carried out on the same ant column 12 to
13 meters from the nest entrance. Only two oat flake treatments were used in a trial at one time.
Oat flakes were placed on opposite sides of the trail in two parallel columns. Flakes were placed
so that ants traveling on the trail would encounter them but far enough from the center that no
interference occurred. Equal numbers of each treatment were used in each row. For example, 20
antifungal and 20 control flakes were used, 10 in each column. The flakes were places three
centimeters apart and the treatments were mixed randomly within columns (Fig. 1).
Observations were taken every two to three minutes noting the number of oat flakes remaining
from each treatment group. Each trial was run until either all the oat flakes were taken or until
one hour had passed since the start of the trial. The order of the trials was randomized to avoid
recruiting effects, and therefore changed trail dynamics. If there was residue powder on the trail,
a different part of the trail was used, still within the one-meter test area. Weather conditions and
time were noted at the beginning of every trial.
Additionally, a “Smorgasboard Leaf Disk Assay” (Manlove 2009) was used with talc and
antifungal leaves. Ten of each treatment were used and set up the same way as mentioned
before, but with 5 in each column and not randomly placed. Every time a flake was taken, it was
replaced with one of the same treatment consistently offering the ants with consistently the same
flakes to choose from. Additionally, every 5 minutes the front oat flake from each column was
moved to the back to avoid edge effects. The test was run until I was out of oat flakes of one
treatment.
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FIGURE 1. Antifungal oat flakes (blue and labeled A) and talc flakes (green and labeled T)
are mixed randomly and presented in two parallel columns.

RESULTS
Ants accepted most of the oat flakes of every treatment as a food source when they were dry; 325
of 330 antifungal oat flakes, 331 of 335 talc oat flakes and 309 of 313 control oat flakes were
taken. When comparing the slope of trend lines, control and talc powder flakes did not differ
significantly in rate left at the study site (Tukey Test at p=0.869, Fig. 2a) at 0.36 flakes/minute
and 0.34 flakes/minute, respectively. Control and antifungal flakes did not differ significantly in
the rate left at 0.30 flakes/minute and 0.37 flake/minute respectively (p=0.121, Fig. 2b). Finally,
talc and antifungal flakes differed significantly at the rate at which they were left at 0.31
flakes/minute and 0.40 flakes/minute, respectively (p=0.037, Fig. 2c). When comparing the
height of the trend lines, control and talc flakes did not differ significantly with elevation values
of 13.29 oat flakes and 12.46 oat flakes, respectively (p=0.529, Fig. 2a). Control and antifungal
treatments display a significant difference with elevation values of 9.71 and 15.40, respectively
(Fig. 2b, p<0.001). Finally, talc and antifungal treatments differed significantly with elevation
values of 9.87 and 16.63, respectively (Fig. 2c, p<0.001).
The Smorgasboard Leaf Disk Assay resulted in 18 antifungal oat flakes and 34 talc oat
flakes being taken.
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FIGURE 2. A) Control (R2=0.408) and talc (R2=0.406) oak flakes showed no significant
differences in either slope (t=0.166. DF=106, p=0.869) or elevation (t=0.632, DF=107,
p=0.529). Equations of trend lines are given on graph. B) Control (R2=0.430) and antifungal
(R2=0.702) flakes showed no significant difference in slope (t=1.558, DF=166, p=0.121) but a
significant difference in elevation (t=6.879, DF=167, p<0.001). C) Talc (R2=0.757) and
antifungal (R2=0.450) flakes showed significant differences in both slope (t=2.096, DF=194,
p=0.037) and elevation (t=8.970, DF=195, p<0.001).

DISCUSSION
Foraging columns of Atta cephalotes are able to partially detect and discriminate against food
sources that carry contaminants harmful to the ant’s symbiotic fungus. The ability of ants to
discriminate between food sources is well documented (Howard et al. 1988, Ridley et al. 1996),
but it is common for a negative feedback loop to act on the ants as a way to control foraging
habits. Foraging cues can be from the symbiotic fungus or inferred when foragers die from toxic
secondary compounds. These cues, however, take time (Ridley et al. 1996). In my study
antifungal leaves were always accepted at a lower rate or lower amount right from the beginning.
The ability of ants to sense contaminants on their first encounter with new foraging material
counters evidence that ants most likely rely on relatively simple stimuli or stimulus
configurations (Hölldobler & Wilson 1990) or that the ant’s symbiotic fungus dictates the
substrate harvested through feedback loops (Howard et al. 1988, Ridley et al. 1996). The
antifungal treatment acted as a secondary compound (Howard et al. 1988) detrimental for the
fungus but not the forager. Secondary compounds are chemicals inside leaves that are harmful to
either the ant or fungus. In experiments involving secondary compounds, complete rejection is
follows an initial period of acceptance (Howard et al. 1988, Ridley et al. 1996). Because these
secondary compounds strongly influence harvesting behavior, it would appear that A. cephalotes
ants are perhaps more adept at detecting them than we currently assume because of their ability
to discriminate against secondary compounds, as seen in this study. Although the flakes may
have been rejected once inside the nest, plants with secondary compounds are subject to
complete rejection after negative feedback loops have time to occur (Ridley et al. 1996). In the
absence of a negative feedback loop, this decision would have been made based on the amount
of contaminants and possibly even the type of contaminant.
Results suggest that A. cephalotes ants can take a more active approach to deal with
contaminants rather than just passively avoiding them. Eventual rejection and column avoidance
of a food source is a viable option for ants to avoid secondary compounds (Ridley et al. 1996).
In my study though, the secondary compounds were externally located, possibly subjecting them
to cleaning by minims. The oat flakes without antifungal power were taken at a higher rate than
those with antifungal powder suggesting avoidance. Although the rate of selection may have
been lower, eventually all 330 antifungal oat flakes, except for five, were taken from the study
area within one hour. Why would these flakes with antifungal compounds eventually be taken?
Minims hitchhiking behavior is correlated to decreased spore contaminant levels on leaves,
indicating cleaning (Griffiths & Hughes 2010). The role of minims in cleaning leaves with
spores and microorganisms probably needs to be expanded to include secondary compounds.
Although minims were not observed in this study, the antifungal components on oat flakes
needed to be dealt with before entering the fungus garden. The ability of Atta ants to actively
deal with low levels of secondary compounds possibly explains why any of the antifungal
treatment oat flakes were even taken. The selection of contaminated oat flakes suggests that they
will be dealt with in an active, rather then passive manner, possibly minim cleaning.
The significant difference in the rate of selection between antifungal flakes and talc
flakes represents the ants’ preference for a substrate that would provide the most energy. The
decision to harvest leaves with less contaminants would maximize their energy gain by
minimizing the amount of energy needed for cleaning and preparing the leaf for the fungus
garden. From this statement it would appear logical that only leaves with no contaminants would
be harvested, this is clearly not the case. Most oat flakes were eventually harvested with the

antifungal flakes being taken less and at a lower rate. Although the column’s foraging
preference is for leaves with lower contaminant loads, sub-optimal leaves will be selected, but in
a lower amount. Although this behavior might lower the energy yield in the short run, it might
maintain energy gains in the long run. Ants prefer young leaves and forage more often in the
canopies of trees (Hölldobler & Wilson 1990, Griffiths & Hughes 2010). In the absence of total
defoliation, selection of leaves from other parts of the tree than just new leaves in the canopy
would reduce losses to the host tree. Because lower leaves on trees generally have more external
contaminants because of rain splash and contaminants being washed off canopy leaves and
carried to lower branches in rain, my results suggest that foraging can occur in sub-canopy
environments. The decreased loss to the tree would result in increased growth the next year;
more so than if just new canopy leaves had exclusively been selected. Ants can be observed
skipping suitable foraging trees close to their nest, leaving them completely foliated, supposedly
gain a longer sustained yield (Hölldobler & Wilson 1990). My data, along with this observation,
suggest that ants act in such a way to sustain yields over a long period of time. The selection of
leaves needing more energetic output to clean maintains the availability of food for future
generations of the ant colony.
The simplicity we assign to leaf-cutter ant systems needs to be re evaluated. The
willingness of A. cephalotes ants to select sub-par substrate suggests that active responses, such
as the cleaning of leaf fragments, are employed to defend against secondary compounds. The
amount of contaminated leaves taken was less in every trial in this study yet a vast majority was
eventually taken, although at a slower rate. The eventual removal of all antifungal oak flakes
suggests A. cephalotes is able to discriminate against and deal with contaminated food sources.
My study suggests that Atta cephalotes colonies display complex behaviors in the selection of
appropriate fungus substrate and have evolved strategies to deal with contaminants in order to
ensure the survival of the colony for an extended period of time.
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